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THE MEAN OZONE DISTRIBUTION FROM SEVERAL 
SERIES OF ROCKET SOUNDINGS TO 52 km 
AT LATITUDES FROM 58° S TO 64° N 

Arlin J. Krueger 
Meteorology Branch 


ABSTRACT 


The results of 21 rocket flights of Areas optical ozone- 
sondes have been combined to produce estimates of the 
mean ozone distribution and its variability; these esti- 
mates apply to a broad range of latitudes. The flights 
were launched from sites near the equator to 58° S and 
to 64° N, in the years from 1965 to 1971. The local- 
noon mean ozone densities in molecules /cubic centi- 
meter are 7.0 x 10^0 at 50 km, 6. 7 X 10^ at 40 km, 

3. 1 X lOl 2 at 30 km, and 3. 1 X 10 12 at 20 km. The 
maximum density is 4. 5 X lO^ 2 at 24 km. The range 
of observed densities is about ±30 percent of the mean 
value at 50 km; ±40 percent at 40 km; ±40 percent at 
30 km; and +200 percent, -66 percent at 20 km. The 
variabilities in this set of observations are much 
smaller than those indicated by previous measurements. 
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THE MEAN OZONE DISTRIBUTION FROM SEVERAL SERIES OF 
ROCKET SOUNDINGS TO 52 km AT LATITUDES FROM 

58° S TO 64° N 


INTRODUCTION 

Since 1965, several series of rocket flights have been made to measure the 
distribution of ozone to about 50 km, using an optical ozonesonde in which 
special care was taken to avoid sources of biases. At the present time, 
results have been obtained from total of 27 flights at diverse locations from 
the equator to about 60° latitude in both hemispheres. About two-thirds of 
the flights were made for special purposes, such as for comparison with 
satellite-borne ozone-sensing instruments. The remaining flights were made 
to assess latitude gradients in the high-level ozone and to determine ozone 
changes during special geophysical situations. 

The body of data collected in these flights provides a base for estimation of 
the general character of the ozone distribution under a broad range of latitude 
and seasonal conditions. In this study, data from 21 soundings are statistically 
analyzed for the mean ozone densities and variabilities for altitudes from 20 
to 52 km. 


CHARACTERISTICS OF DIRECT OPTICAL OZONE -SOUNDING TECHNIQUES 

Absorption spectrometric techniques have been utilized for the direct deter- 
mination of the vertical distribution of stratospheric ozone since the earliest 
exploratory work in this area. Because of the intensity of the Hartley absorp- 
tion band of ozone, sunlight at wavelengths between 2300 and 2800 Angstroms 
is completely absorbed at altitudes above 30 km. Only in the Huggens bands, 
at wavelengths longer than approximately 2950 Angstroms, can the light 
penetrate to the bottom of the atmosphere . By measurement of the change in 
light intensity with height at one or more wavelengths in the Hartley and 
Huggens bands, it is possible to determine the vertical ozone distribution. 

The earliest application of this technique was by Regener and Regener 
(Reference 1), who obtained a series of photographic spectra of the sun from 
an ascending balloon. The height range was subsequently expanded to cover 
the entire stratosphere and lower mesosphere by Johnson et al. (Reference 2), 
who conducted similar measurements from an Aerobee rocket. The ozone 
distribution from that flight, launched on June 14, 1949, at White Sands 
Missile Range, has been rather widely accepted as representing photochemical 
equilibrium ozone concentrations, although corrections for revised ozone 
absorption coefficients have been necessary (Reference 3). 
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The optical technique was later adapted for routine soundings on balloons by 
Kulcke and Paetzold (Reference 4), Vassy (Reference 5), and Kobayashi, 
Kyozuka, and Muramatsu (Reference 6). By using filter-photometric methods, 
they were able to reduce the cost and complexity of the instrumentation and to 
standardize the data processing. For the altitudes normally accessible to 
balloons (0-30 km), measurements at a single wavelength channel in the 
Huggens bands are sufficient, although a second reference channel at longer, 
unabsorbed wavelengths is normally used to compensate for instrument 
changes. 

Some of the first information on the latitudinal variations of the vertical ozone 
distribution came during the International Geophysical Year, from balloon 
flights of these instruments. More recently, direct-sampling chemical ozone- 
sondes have been generally used on balloons because the optical techniques are 
incapable of high vertical resolution at altitudes below the ozone maximum 
( 25 km). At these levels, the total amount of ozone overhead is large and the 
local ozone concentrations are relatively low, thus leading to small changes in 
light intensity with height. This problem is compounded by atmospherically 
scattered light, which is a significant fraction of the light intensity measured 
by the optical sondes at altitudes below 20 km. A more favorable situation 
is found at levels above the ozone density maximum. There, the ozone over- 
burden decreases almost exponentially with increasing height and the density 
at each level is 10 to 20 percent of the amount of ozone overhead. Under 
these conditions the vertical gradient of light intensity is large and results of 
good accuracy and resolution are possible. 


ROCKET INSTRUMENT CHARACTERISTICS 

Beginning in the early 1960s, a filter-photometer instrument employing 
several optical balloonsonde principles was designed for parachute dropsonde 
use with the Areas meteorological sounding rocket (Reference 7) . While a 
single active wavelength channel was sufficient at balloon altitudes, at least 
one additional channel at a shorter wavelength with a correspondingly higher 
ozone absorption coefficient is required for measurements to 55 km. However, 
by the use of two additional channels, redundant information is available in 
two height regions where channels adjacent in wavelength produce results of 
comparable accuracy. The latter approach was selected because the natural 
variability of ozone above 30 km was largely unknown and because the redun- 
dant data could serve to assess whether biases might exist in the computed 
ozone densities. The wavelengths of the three active channels are presently 
set near 3000, 2875, and 2650 Angstroms, so that the ozone absorption coef- 
ficients are related by the ratios 1:5:20. This selection of wavelengths results 
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in redundant ozone data for regions four to six km in altitude centered near 
34 and 42 km, and still allows for useful measurements over a nearly hundred- 
fold dynamic range in ozone concentrations. A fourth, reference channel is 
centered near 3200 Angstroms, where the ozone absorption coefficient is only 
about 5 percent of the value at 3000 Angstroms. 


ACCURACIES 

The data accuracies attained by this system depend principally on three 
parameters: absorption-coefficient errors, Dhotometer and telemetry errors, 
and optical sampling errors. 

The absorption-coefficient errors determine the absolute accuracy of the 
ozone densities computed from each of the channels, while the other error 
sources determine the precision (or height-resolution capability). Because 
the optical channels are defined by interference filters, usually with 40 Ang- 
stroms widths at the half-peak transmission points, it is necessary to compute 
effective absorption coefficients for each channel (Reference 7). Errors in 
these effective absorption coefficients (which are functions of the slant-path 
ozone amount and, to a lesser degree, the overhead air mass) arise primarily 
from inaccuracies in spectral-transmission data for the long-wavelength wing 
of the filter. Unless these transmission values have very large errors 
(~100 percent), the accuracy of the effective absorption coefficients for small 
ozone optical depths should be close to the accuracies of the ozone absorption 
coefficients. These values, taken from Inn and Tanaka (Reference 8) for 
wavelengths less than 3000 Angstroms and from Vigroux (Reference 9) for 
longer wavelengths, appear to be of better than 5 percent accuracy. 

Because of the redundant data available from the three channels in the rocket 
flights, it has been possible to test for consistency in the effective absorption 
coefficients. It is found that, with good control of the filter-transmission data 
in the long- wavelength wings of the filters, agreement between channels within 
20 percent is possible for optical depths less than two. However, such agree- 
ment is rarely possible for much greater optical depths. In cases where sig- 
nificant disagreements are found for the smaller optical depths, reevaluation 
of the filter-transmission data is necessary. 

In the present system, the photometric and telemetry errors affect the pre- 
cision of the ozone-density determination. Instrumental factors, such as 
sensitivity changes, are cancelled by the use of ratios between signals from 
active and reference channels. The noise levels found in past flights lead to 
10 to 20 percent uncertainties in the ozone concentrations for a height resolu- 
tion of 1 km. 
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The optical sampling errors also tend to be random. However, biases can 
arise from intermodulation between the channel-sampling rate and the parachute 
pendulation and instrument rotation rates if the instrument response is depen- 
dent on the angle of illumination. In the few cases where these errors are 
suspected, somewhat periodic modulations over three- to four-kilometer 
height regions with amplitudes less than 10 percent of the mean ozone density 
have been found. 


ROCKET FLIGHT SUMMARY 

Since operational flights of the Areas ozonesonde were begun in 1965, ozone 
distributions have been obtained on 27 flights. The initial soundings were made 
with the NASA- sponsored Mobile Launch Expedition. Five ozone distributions, 
obtained at latitudes from 4° N to 58° S during this cruise along the west coast 
of South America, provided some preliminary data on latitude effects on the 
ozone distribution. 

In 1967, six distributions were obtained over Barking Sands, Hawaii, 

(Reference 10) for comparison with ozone profiles inferred from ultraviolet 
earth- radiance measurements taken with the OGO-4 satellite (Reference 11). 

In 1968, soundings were made from Fort Churchill, Manitoba, to examine 
hemispheric differences at high latitudes; and from Wallops Island, Virginia, 
for comparison with a rocket-borne chemiluminescent ozone sensor (Reference 
12). Early in 1969, two soundings were made from Wallops Island to examine 
possible relationships with a D-region Winter Anomaly. Since 1970, the 
instrument has been flown for comparison of results with the Backscatter 
Ultraviolet experiment on the Nimbus-4 satellite (Reference 13). 

Twenty-one flights have been selected for this study. Six other soundings have 
not been included because final results are not available or because data exist 
only for a limited height range. The launch dates and the locations and geo- 
graphic coordinates of the launch sites for the selected soundings are listed 
in Table 1. These soundings were made at latitudes from 58° S to 64° N and 
longitudes from 75° W to 160° W. Except for low latitudes in the southern 
hemisphere and extreme polar latitudes, data are available for most climatic 
zones. 

The results do not provide a uniform representation of all seasons, although 
flights were made in every month of the year except May and December. The 
largest number of soundings (ten) comes from the fall season in both hemi- 
spheres. Five soundings were made in summer, five more in winter, and the 
single flight made in spring was launched near the equator. Therefore the 
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Table 1 


Rocket Flight Used in Analysis 


Flight Number 
and Date 

Location 

Launch Site 

1. Mar. 7, 1965 

4° N, 82° W 

Shipboard 

2. Apr. 10, 1965 

47° S, 78° W 

n 

3. Apr. 11, 1965 

52° S, 78° W 

M 

4. Apr. 12, 1965 

58° S, 78° W 

M 

5. Sept. 17, 1967 

22° N, 160° W 

Barking Sands, Hawaii 

6. Sept. 20, 1967 

ft 

TT IT Tf 

7. Oct. 13, 1967 

TT 

M TT TT 

8. Oct. 19, 1967 

TT 

TT TT TT 

9. Oct. 22, 1967 

TT 

TT TT TT 

10. Oct. 25, 1967 

ft 

TT TT TT 

11. July 19, 1968 

59° N, 94° W 

Fort Churchill, Man. 

12. Sept. 16, 1968 

38° N, 75° W 

Wallops Island, Va. 

13. Jan. 31, 1969 

TT 

TT TT TT 

14. Feb. 6, 1969 

TT 

TT TT TT 

15. June 18, 1970 

34° N, 119° W 

Point Mugu, Calif. 

16. Oct. 17, 1970 

55° N, 110° W 

Primrose Lake, Alta. 

17. Nov. 6, 1970 

9° N, 80° W 

Fort Sherman, C. Z. 

18. Nov. 13, 1970 

TT 

TT TT TT 

19. Feb. 24, 1971 

22° N, 160° W 

Barking Sands, Hawaii 

20. Mar. 3, 1971 

TT 

TT TT TT 

21. Aug. 14, 1971 

64° N, 146° W 

Fort Greely, Alaska 
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statistical data derived from these soundings should not be construed as repre- 
senting annual mean conditions. 

The greatest number of soundings at a single location is eight, at Barking 
Sands, Hawaii. This large number is due principally to a concentrated effort 
for satellite comparisons in 1967. 

Although diurnal changes in the ozone density are not believed to exist at 
altitudes below 50 km, it should be noted that our rocket flights have been 
made within three hours of local noon. The densities are representative of 
noontime conditions. 

It should also be noted that during the years 1967-1969, anomalous absorption 
of light in the range from 2900 to 3050 Angstroms was found at altitudes above 
50 km (References 14 and 15). It is believed that the ozone results are not 
seriously contaminated by this extraneous absorption. However, an increased 
variability found at altitudes below 35 km may be due to effects on data from 
an instrument channel centered at a wavelength near the edge of this absorp- 
tion band. In 1968, this particular channel was shifted to a wavelength which 
seemed to be less subject to spectral bias by the absorption. The anomalous 
absorption was not observed after 1969. 

A tabulation of the ozone densities in molecules/cm 3 for each of the 21 flights 
is given in Table 2. The flight numbers correspond to the numbers in Table 1. 
Complete results for the soundings from 1965 to 1970 are published elsewhere 
(Reference 16). 


Mean Ozone Densities 


The mean ozone densities for the 21 soundings have been computed at each 
even kilometer level from 20 to 52 km. These mean values in molecules/ 
cm , the associated standard deviations, and the percentage variability that 
the standard deviation represents are tabulated versus geometric height in 
kilometers in Table 3. In addition, the maximum and minimum observed 
densities are shown for each level and an identification number corresponding 
to the number of the sounding given in Table 1 which produced the extreme 
value is given. 

In Figure 1, the mean ozone densities have been plotted as small circles at 
even kilometer levels connected with a bold line. Horizontal bars through 
the circles show the range of values found in these rocket flights. It will be 
noted by examination of Table 2 that the minima and maxima are not associated 
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Figure 1. The Mean Ozone Densities from 21 Rocket Flights (Bold Line) Compared with the Data 
from Johnson et al. as Revised by Craig (Reference 3). The Range of Observations 
in the Present Data (Shown by the Bars at Each Height Level) Is Compared with a 
Summary of Earlier Data by Leovy (Reference 17) as Shown by the Crosshatched Area. 




Table 2 

Ozone Densities (molecules/cm 3 ) Versus Height for the Rocket Flights of Table 1 


Sounding No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Height (km) 

20 

1.1X10* 2 

4.0X10* 2 

6.3X10* 2 

3.6X10* 2 

... 

2.0X10* 2 

2.2X10* 2 

... 

... 

... 

... 

22 

1.7X10* 2 

4.7X10* 2 

6.4X10* 2 

4.4X10* 2 

3. IX 10* 2 

3.7X 10* 2 

3.7X 10* 2 

1.2X10* 2 

2.8X10* 2 

1.9X10' 2 


24 

3.0X10* 2 

4.7X10* 2 

5.8X10* 2 

4.8X10* 2 

4.9X10* 2 

4.4X10* 2 

4.5X10* 2 

3.8X10' 2 

5. IX 10* 2 

3.6X10* 2 

... 

26 

4.2X10* 2 

4.0X10* 2 

3.4X 10* 2 

3.4X10* 2 

5.3X 10* 2 

5.2X10* 2 

5.2X 10* 2 

4.0X10* 2 

5.6X10* 2 

4.0X10* 2 

— 

28 

4.5X10* 2 

2.8X10* 2 

3. IX 10* 2 

2.5X10* 2 

5.0X10* 2 

5. IX 10* 2 

4.5X10* 2 

3.2X10* 2 

5.4X10* 2 

4.0X1 O' 2 

... 

30 

4.4X10* 2 

2.4X10* 2 

2.4X10* 2 

2.1X 10* 2 

3.9X 10* 2 

3.9X10* 2 

4.0X10* 2 

3. IX 10* 2 

4.2X10* 2 

3.3X10* 2 

2.6X10* 2 

32 

3.2X10* 2 

2.3X10* 2 

1.8X10* 2 

1.7X10* 2 

3. IX 10* 2 

3. IX 10* 2 

3. IX 10* 2 

2.9X10' 2 

3.1 X 10* 2 

2.8X1 O' 2 

2.0X10* 2 

34 

2.1X10* 2 

1.8X10* 2 

1.4X10* 2 

1.4X 10* 2 

2.2X10* 2 

2.5X 10* 2 

2.2X10* 2 

2.3X10* 2 

2.3X10* 2 

2.2X10* 2 

1.6X 10* 2 

36 

1.3X10* 2 

1.5X 1 0* 2 

1.2X10* 2 

1.1X10* 2 

1.5X 10* 2 

1.9X10* 2 

1.6X10* 2 

1.4X10' 2 

1.8X10* 2 

1.6X 10* 2 

1.1X10' 2 

38 

8.3X10* * 

1.1X 10* 2 

9.5X10* * 

7.8X10“ 

1.4X10* 2 

1.1X 10* 2 

1.2X 10* 2 

1.1X10* 2 

8.9X10* ' 

1.2X 10* 2 

8.7X10* ' 

40 

5.4X10“ 

8.1X10* * 

7.1X10“ 

5.3X10“ 

9.7X10“ 

8.4X10* 1 

6.8X10“ 

6.7X10“ 

6.5X10* ' 

7.8X10* * 

6.6X10* 1 

42 

3.6X10* * 

5.9X10* 1 

5.0X10“ 

4.0X10“ 

4.3X10“ 

4.4X10“ 

4.6X10“ 

5.1X10“ 

4.1X10“ 

4.7X10“ 

3.7X10“ 

44 

2.4X10* * 

3.6X10“ 

2.8X10“ 

2.7X10“ 

2.6X10“ 

2.7X10“ 

2.4X10“ 

3.1X10* * 

2.4X10“ 

2.6X10“ 

2.5X10“ 

46 

1.5X10* * 

... 

... 

1.8X10“ 

1.7X10“ 

1.4X10* 1 

1.5X10* 1 

1.5X10“ 

1.5X10“ 

1.6X10* 1 

1.7X10“ 

48 

1.0X10'* 

... 

... 

... 

1.1X10“ 

9.1X10*° 

1.0X10“ 

1.1X10“ 

9.1X10'° 

1.2X10* ’ 

1.3X10* * 

50 

6.4X10*° 

... 

... 

... 

7.3X10'° 

... 

6.4X10'° 

8.6X10'° 

5.1X10*° 

6.7X10'° 

8.3X10'° 

52 

4.3X10*° 

... 

... 

... 

5.1X10*° 

... 

... 

5.6X10*° 

3.0X10'° 

... 

4.6X10'° 




Sounding No. 
Height (km) 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

20 

3.4X 10 1 2 

3.2X10' 2 

5.0X10' 2 

... 

2.2X10' 2 

1.6X10' 2 

1.9X10' 2 

... 

3.3X10' 2 

3.8X10' 2 

22 ' 

3.9X10 1 2 

4.8X1 O' 2 

5.8X10' 2 

4.6X10' 2 

3.7X10' 2 

3.6X10' 2 

4.4X10' 2 

4.5X10' 2 

4.3X10' 2 

3.5X10' 2 

24 

4.2X1 O' 2 

5.9X10' 2 

5.7X10' 2 

4.8X10' 2 

4.4X1 O' 2 

4.5X1 O' 2 

5.0X10' 2 

4.2X 10' 2 

4.3X10' 2 

3. 1X10' 2 

26 

4.6X10' 2 

4.2X10' 2 

5.0X1 O' 2 

5.4X10' 2 

6.2X10' 2 

3.9X1 O' 2 

4.7X10' 2 

4.0X10' 2 

4.3X1 O' 2 

2.6X10' 2 

28 

3.6X10' 2 

3.0X10' 2 

3.8X10' 2 

4.8X1 O' 2 

4.1X10' 2 

4.7X10' 2 

4.5X10' 2 

3.2X10' 2 

3.6X10' 2 

2.0X10' 2 

30 

2.8X10' 2 

2.6X 10' 2 

2.8X10 12 

3.6X10' 2 

2.3X10' 2 

3.2X10' 2 

3.6X10' 2 

2.8X10' 2 

3.0X10' 2 

2.0X10' 2 

32 

2.1X10' 2 

2. IX 10' 2 

2.0X10' 2 

3.2X10' 2 

2.0X1 O' 2 

2.5X 10' 2 

2.2X 10' 2 

2.2X 10' 2 

2.6X10' 2 

1.7X10' 2 

34 

1.8X10' 2 

1.5X10' 2 

1.4X10' 2 

2.2X10' 2 

1.6X10' 2 

1.9X10' 2 

1.5XIO' 2 

1.9X10' 2 

1.9X10' 2 

1.5X10' 2 

36 

1.3X10' 2 

1.2X 10' 2 

1.2X 10' 2 

1.6X10' 2 

1.3X10' 2 

1.3X10' 2 

1.1X10' 2 

1.2XI0' 2 

1 .4X10' 2 

1.2X10' 2 

38 

9.9X10' 1 

7.2X10' 1 

7.7X10' 1 

1. IX 10' 2 

8.3X10' 1 

8.2X10' ' 

8.8X10' ' 

8.5X10' 1 

9.8X10' 1 

8.8X10' 1 

40 

7.1X10' 1 

5.1X10" 

4.8X10" 

7.4X10' ' 

6.3X10' ' 

7.1X10' ' 

6.3X10' ' 

5.9X10' 1 

6.6X10' ' 

... 

42 

4.8X10' 1 

3.6X10' ' 

3.7X10' ' 

4.6X10' 1 

3.6X10' ' 

5.4X10" 

3.6X10' ' 

3.9X10' ' 

4.2X10' ' 

... 

44 

2.9X10' 1 

2.4X10' ' 

2.4X10' 1 

2.9X10' 1 

3.6X10' 1 

2.9X10' 1 

2.3X10' ' 

2.0X10' ' 

2.7X10’ ' 

... 

46 

1.5X10' ' 

... 

1.6X10' ' 

1.9X10' ' 

2.1X10' 1 

1.9X10' ' 

1.4X10' ' 

1.4X10' ' 

2.1X10' ' 

... 

48 

1.0X10" 

... 

1.0X10' ' 

1.2X10' 1 

1.1X10' 1 

1.3X10' ' 

... 

9.4X10'° 

1.3X10' ' 

... 

50 

7.3X10'° 

... 

... 

7.5X10'° 

6.7X10'° 

8.3X10'° 

... 

7.0X10'° 

9.4X10'° 

... 

52 

— 

... 

— 

— 

— 

5.1X10'° 


— 

— 

— 



























Table 3 

Results of Rocket Soundings 


Height 

(km) 

Ozone Density 
(molecules/cm 3 ) 

Standard 

Deviation 

Percent 

Variability 

T 

Maximum 

Observed 

Density 

Number of 
Sounding 
(see Table 1) 

Minimum 

Observed 

Density 

Number of 
Sounding 
(see Table 1) 

20 

3.1 IX 10 1 2 

1.42X 10' 2 

45% 

6.34X10' 2 

3 

1.07X10' 2 

1 

22 

3.82X10 12 

1.28X10' 2 

33% 

6.42X10' 2 

3 

1.24X10' 2 

8 

24 

4.49X10 12 

0.74X10' 2 

17% 

5.83X10' 2 

3 

2.98X10' 2 

1 

26 

4.43X10 12 

0.86X10' 2 

19% 

6.15X10' 2 

16 

2.55X10* 2 

21 

28 

3.87X10 12 

0.94X10' 2 

24% 

5.35X10' 2 

9 

1.97X10' 2 

21 

30 

3. 10X1 0 1 2 

0.70X10' 2 

22% 

4.35X10' 2 

1 

1.95X10' 2 

21 

32 

2.46X1 0 1 2 

0.53X10' 2 

21 % 

3.22X10' 2 

1 

1.67X10' 2 

4 

34 

1.86X10 12 

0.35X10' 2 

19% 

2.47X10' 2 

6 

1.35X10' 2 

14 

36 

1.37X10' 2 

0.23X10' 2 

16% 

1.93X10' 2 

6 

1.07X10' 2 

4 

38 

9.57X10' 1 

1.67X10“ 

17% 

14.0X10' 1 

5 

7.23X10' 1 

13 

40 

6.72X10* 1 

1.18X10“ 

18% 

9.68X10' 1 

5 

4.81X10“ 

14 

42 

4.33X10“ 

0.64X10 1 1 

15% 

5.86X10' 1 

2 

3.57X10' ' 

18 

44 

2.69X10' 1 

0.40X10' 1 

15% 

3.60X10' ' 

2 

2.00X10' ' 

19 

46 

1.66X10“ 

0.24X10' ' 

14% 

2.12X10' ' 

16 

1.37X10' ' 

18 

48 

1.10X10' 1 

0.13X10' 1 

12% 

1.34X10' ' 

17 

0.91X10“ 

9 

50 

7.00X10'° 

1.10X10'° 

15% 

9.41X10'° 

20 

5.1 1X10'° 

9 

52 

4.00X10'° 

1.10X10'° 

27% 

5.60X10'° 

8 

2.70X10'° 

16 










with any individual soundings. Instead, these extremes result from rather 
subtle variations in the shape of the distribution. Below 35 km, the maxima 
arise from a shift of the ozone density maximum to lower altitudes with 
increasing latitude. Above 40 km, the lowest values tend to come from the 
low latitudes. The character of these latitude effects is not readily apparent 
in a density diagram. Mixing-ratio profiles derived from the densities, on 
the other hand, show systematic changes from low to high latitudes. These 
variations will be discussed in a separate publication. 


Variabilities 


The percentage variability listed in Table 2 shows a tendency to decrease with 
altitude above 28 km, with the lowest value, 12 percent, found at 48 km. The 
increase at 50 and 52 km is likely not real, but rather an artifact of endpoint 
data near the tops of the soundings. 

In Figure 1, these results have been compared with other measurements. The 
data from the Johnson, Purcell, Tousey, and Watanabe sounding of June 14, 
1949, as revised by Craig (Reference 3) are shown as the dashed line. It is 
clear that, except for the value at 46 km, no disagreement exists. The 
present data have also been compared with a compilation of prior observations 
by Leovy (Reference 17), which is shown by the crosshatched area. The range 
of ozone densities given by these earlier balloon, rocket, and satellite obser- 
vations is believed to be an overestimate of the natural variability of strato- 
spheric ozone. The ozone density range at each height found in the present 
study is approximately ±30 percent of the mean value at 50 km; ±40 percent 
at 40 km; ±40 percent at 30 km; and +200 percent, -66 percent at 20 km for 
the summer, fall, and winter seasons. 
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